ABSTRACT: The purpose of this study was to determine the test-retest reliability of the Staggered Spondaic Word (SSW) Test number of error (NOE) scoring for an adult population with hearing impairment. Thirty individuals with a mean age of 49.9 years and a bilateral symmetrical sensorineural hearing loss were selected as participants and were equally divided into three groups (no amplification, monaural amplification, and binaural amplification). All of the participants completed a basic comprehensive audiological evaluation, immittance testing, and SSW testing at two separate sessions with a 6-month interval between the meetings. The correlation coefficients for the NOE scores were as follows: right ear noncompeting, r (18) = .68, p < .01; right ear competing, r (18) = .72, p < .01; left ear competing, r (18) = .86, p < .01; and left ear noncompeting, r (18) = .55, p < .01. The data analysis found that the total scores exceeded the .01 level of significance. The findings show that the NOE analysis of the SSW is a reliable measure of auditory processing abilities in adults with a bilateral sensorineural hearing loss. Therefore, it is appropriate to use the NOE analysis of the SSW to determine the status of the central auditory system of adults with hearing impairment.
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Bloomsburg University, Bloomsburg, PA he central auditory system and its functions are highly detailed and complex. A complex signal, such as speech, is reduced to its basic (American Speech-Language-Hearing Association [ASHA], 1995) , meaning is applied to the information (Katz, Stecker, & Henderson, 1992) , and upon completion, the signal is integrated in the auditory cortex (Maiste, Wiens, Hunt, Scherg, & Picton, 1995) . Changes or damage to this complicated system may alter the system's ability to function appropriately. Adults who exhibit signs of obscure auditory disfunction as well as neurological disorders, traumatic brain injury, stroke, and/or tumors may have auditory processing issues (Bellis, 2003; Musiek, 1999; Yellin, 2003) . Yet, there is minimal research available addressing auditory processing in adults.
It has also been found that as individuals age, central auditory processing skills decline (Aarts, Adams, & Duncan, 2003; Bellis & Wilbur, 2001; Gates, Feeney, & Higdon, 2003) . Further, some children who have been identified with an auditory processing disorder have parents who have presented with similar complaints (Yellin, 2003) . However, these parents may not have been diagnosed with an auditory processing problem. Evaluating the parents may provide insight into hereditary links for auditory processing disorders. Therefore, there is a need for standardized auditory processing material available for the adult population (Keith, 1995) .
Due to the array of possible auditory processing etiologies and the complexity of the central auditory system, the best diagnostic tool for an auditory processing disorder is the use of a battery of tests (Keith, 1995) . A diagnostic battery enlists multiple assessment tools to achieve an entities, is transferred through the auditory pathways exhaustive examination of a system. Using multiple diagnostic tools to evaluate the central system allows for the broadest examination of skills used in the processing of auditory information and etiological influence on the system.
In an individual with a sensorineural hearing disorder as minimal as a mild loss, it can make it difficult to differentiate between a peripheral versus a central auditory problem (Neijenhuis, Tschur, & Snik, 2004) . Administering a test that can compensate for the hearing loss will minimize the influence of the peripheral system on the central processing ability (Neijenhuis et al., 2004) . Using a test that does not overcome the hearing loss will make it difficult to make a valid statement concerning the status of the central auditory system as well as its processing abilities. Unfortunately, there is little available research addressing the impact of abnormal peripheral auditory status on the outcome of central auditory processing tests (ASHA, 1995) . This makes it difficult to use proven tests on individuals who possess a sensorineural hearing loss because many of the evaluation tools are referenced to normal hearing subjects without any correction for abnormal peripheral status.
The Staggered Spondaic Word (SSW) Test was initially developed to evaluate the integrity of the central auditory pathway (Katz, 1962) and has been adopted to identify central auditory disfunction (Keith, 1983) . This test has three manners of scoring: the original analysis, the traditional analysis, and number of error (NOE) analysis. The original analysis is used for site-of-lesion testing; the traditional and NOE analyses are used for auditory processing evaluations (Katz, 1998) . Currently, the NOE analysis is the accepted auditory processing method (Katz, 1998) .
Jones- Lewis (1993) found that the test-retest reliability for the raw SSW (R-SSW) total score (r = 0.894) and corrected SSW (C-SSW) score (r = 0.765) was high. Both correlations were significant beyond the .01 level of significance. The time between the two tests was a 5-week span. The population in this study included 20 volunteers who were 60 to 69 years of age and in good health without active ear disease. The participants had normal hearing from 250 Hz through 2000 Hz, with a mild to moderate sensorineural hearing loss at 4000 Hz and 8000 Hz.
Computing split-half and test-retest reliabilities have also assessed the reliability of the SSW with 120 adults who had verified lesions of the peripheral or central auditory systems. The correlation between the two halves was r = .96, which is significant beyond the .01 level of significance (Katz & Arndt, 1974) . This information indicates that the SSW is a reliable tool when assessing older adults and individuals with a lesion along the central auditory system. Split-half reliability was used due to the instability of the participant population. That is, due to the participants' characteristics, changes in the SSW score would occur over time. Unfortunately, specific reliability data are lacking on the auditory processing analysis for adults with a bilateral sensorineural hearing loss.
The SSW is a well-researched tool that is used to evaluate the central auditory system. It compensates for the effects of peripheral hearing loss on central processing. However, the manual does state that the NOE analysis is not appropriate to use when a hearing loss has been identified (Katz, 1998) . The current focus of the SSW is on identifying auditory processing disorders, primarily in children with normal hearing (Katz & Kram, 1993) . However, there are adults with a peripheral hearing loss who require an auditory processing evaluation. This makes it necessary to know and understand the impact that a peripheral hearing disorder has on a well-proven test of central auditory function. The purpose of this study was to determine the test-retest reliability of the four SSW total scores used in NOE scoring for an adult population with a bilateral sensorineural hearing loss.
METHOD

Participants
Thirty participants were recruited from clinical settings in the Lehigh and Susquehanna valleys of Pennsylvania. All participants met the selection criteria of a bilateral symmetrical sensorineural hearing loss and English as the first language. Retrocochlear pathology was ruled out based on audiometric results and case history. A bilateral symmetrical sensorineural hearing loss was identified as a threshold of 30 dB HL or greater for air and bone conduction scores at three or more of the frequencies 250, 500, 1,000, 2,000, 4,000, or 8,000 Hz. The air/bone gap was less than or equal to 10 dB HL for the frequencies 1,000, 2,000, and 4,000 Hz. The interaural difference was less than or equal to 10 dB HL for the frequencies 1,000, 2,000, and 4,000 Hz. Ten of the participants did not use amplification, ten of the participants used binaural amplification, and ten used monaural amplification. The monaural amplification group was evenly distributed, with 5 participants amplifying the right ear and 5 amplifying the left ear. The three groups were used to represent the various types of individuals with hearing loss that may need to be evaluated using the SSW. All of the participants had no previous experience with the use of amplification before their involvement in this study.
The hearing aid groups were tested and then fit with amplification following the initial evaluation procedures. These individuals wore their hearing aids on a daily basis for 6 months and then were reevaluated. The group consisted of 5 females and 25 males, with a mean age of 49.9 (4.8) years at the date of the initial test session.
Procedures
The individuals who met the selection criteria and who agreed to participate in the study were exposed to the following procedures at the initial test session, with the same procedures being readministered after a 6-month interval at the retest session.
An evaluation of air and bone conduction pure tone thresholds and speech audiometry was performed. Recorded spondaic words were used to determine the speech reception threshold and recorded phonetically balanced, W-22 word lists presented at 40 dB SL, in reference to the speech reception threshold, were used to determine the word recognition scores. All testing was conducted in a sound-isolated testing suite.
The status of the middle ear function was determined through an immittance evaluation. All participants in this study had normal middle ear function.
The SSW was used to evaluate the central auditory system. The SSW was administered according to the guidelines set forth by the fifth edition of the test manual (Katz, 1998) . The volume units meters for channel one and two of the audiometer were set to zero using the calibration tone at the beginning of the recording. Channel one was designated for the right ear. Channel two was designated for the left ear. The presentation level for each channel was set to 50 dB SL in reference to the pure tone average for the respective ear. Only the total errors were examined to determine the reliability of the NOE scoring in an adult population with hearing impairment.
Analysis of Data
A Pearson product correlation coefficient was performed on the four SSW total errors (right ear noncompeting [RNC] , right ear competing [RC] , left ear competing [LC] , and left ear noncompeting [LNC] ) to determine the test-retest reliability of the NOE scoring in an adult population with hearing impairment. The alpha level was set at .05 for the correlation coefficient.
RESULTS
The participants' initial test pure tone average for the right ear was 23.89 (11.45) dB HL (see Figure 1 ) and for the left ear was 25.67 (10.91) dB HL (see Figure 2) . The retest pure tone average for the right ear was 23.93 (10.50) dB HL (see Figure 3 ) and for the left ear was 26.17 (11.16) dB HL (see Figure 4) . The initial test mean word recognition score for the right and left ears was 94% (0.06) (see Figure 1 ) and 93% (0.06) (see Figure 2) , respectively. The average word recognition score did not change at the retest (see Figure 3 and 4) . A review of the pure tone averages and word recognition scores indicates that the audiometric outcomes remained stable between the testing conditions. Table 1 presents the means and standard deviations for the audiological data.
The participants' initial test mean RNC score was 1.57 (2.22), the RC score was 4.33 (4.47), the LC score was 4.80 (4.10), and the LNC score was 1.47 (1.93). The retest mean RNC score was 0.87 (1.22), the RC score was 2.80 (2.75), the LC score was 4.73 (4.26), and the LNC score was 1.10 (1.73). Table 2 presents the mean test-retest SSW total scores for the group. The correlation coefficients for the total errors were as follows: RNC, r (18) = .68, p < .01; RC, r (18) = .72, p < .01; LC, r (18) = .86, p < .01; and LNC, r (18) = .55, p < .01. The LC (r = .86) was found to have the strongest correlation, followed by the RC (r = .72) and RNC (r = .68); the LNC (r = .55) was found to have the weakest correlation. Table 3 presents the correlation coefficients for the SSW total scores.
DISCUSSION
The purpose of this study was to determine the test-retest reliability of the four SSW total scores used in NOE scoring with an adult population with hearing impairment. The data analysis indicated that the total scores were significant at p < 0.01. However, not all of the correlation coefficients had the same strength. These results indicate that the values used in the NOE scoring are repeatable over a 6-month test-retest period for a group of adults with hearing impairment. This is important because the current focus of the SSW is directed toward identifying auditory processing disorders. Further, the NOE analysis has been found to be inappropriate to use when a hearing loss has been identified (Katz, 1998) . This is due to the error entered into the test by the damaged auditory system. The increased errors make it difficult to separate peripheral distortions from a central processing problem. However, the outcomes obtained from the current study remained stable over a 6-month period of time. This indicates that the NOE scoring can be used to examine an adult population with hearing impairment. The SSW has already been shown to be a valid measure of central auditory function (Jerger & Jerger, 1975; Katz, 1968; Katz, Basil, & Smith, 1963; Katz & Kram, 1993) ; therefore, it is not necessary to reproduce these findings. However, providing data that support the reliability of the SSW NOE analysis for a group of adults with hearing impairment is essential if it is to be used as part of an auditory processing evaluation battery. A problem in performing reliability studies on the SSW has been the time period between tests. These reliability studies have been performed on children and pathologic populations (Arnst, 1982; Katz & Cummings, 1974; Katz & Kram, 1993; Katz & Schultz, 1984; Tillery, 1997 ). An extended test-retest time period in these populations may have resulted in significant changes to the central auditory nervous system due to the pathologic condition or the maturation of an immature system. The alteration in the central pathway may have influenced the SSW results. This limited the previous investigators to split-half reliability testing or short test-retest intervals. Thus, the generalization of the information obtained from a central auditory system that could change, especially due to a pathology, must be taken with extreme care (Bellis & Wilber, 2001 ). The current study employed healthy adult participants who were identified with a sensorineural hearing loss without a pathological condition. Due to the use of a healthy adult population, the 6-month test-retest interval did not pose the same constraints as in previous reliability studies. Further, the strength of the correlation coefficient indicates that the individuals' central auditory systems remained stable over the 6-month period as well as the results being reliable.
The outcomes of the current study support previous reliability studies. The SSW is a reliable measure of central auditory function. The results of this study indicate that NOE analysis has moderate to strong reliability. The total errors used in NOE analysis remained stable in an adult population with hearing impairment. Therefore, the NOE analysis of the SSW is an appropriate measure to be included in the auditory processing evaluation battery for adults with bilateral sensorineural hearing loss. Note. RNC = right ear noncompeting, RC = right ear competing, LNC = left ear competing, LNC = left ear noncompeting. 
